Creating transgenic plants is invaluable for the genetic analysis of sugar beet and will be increasingly important as sugar beet genomic technologies progress. A protocol for Agrobacterium-mediated transformation of sugar beet is described in this chapter. Our protocol is optimized for a sugar beet genotype that performs exceptionally well in tissue culture, including the steps of dedifferentiation, callus proliferation, and regeneration. Because of the infrequent occurrence of such a genotype in sugar beet populations, our protocol includes an in vitro propagation method for germplasm preservation. The starting materials for transgenic experiments are aseptic shoots grown from surface-sterilized seed balls. Callus is induced from leaf explants and subsequently infected with Agrobacterium. Plantlets are regenerated from transgenic callus and vernalized for flowering, if necessary. The efficiency of transformation was quite high; in our laboratory, the culture of only 10 leaf explants, on average, generated one transgenic plant.
Introduction
Sugar beet is one of the two major sugar crops in the world (1) . Sugar beet breeding has been continuously conducted since the 18 th century (2) to promote increased yields and to overcome problems arising in sugar beet cultivation. The breeding traits have been analyzed by genetic approach to investigate the mechanism how the phenotypes are expressed. Recently, several genes responsible for some breeding traits have been identified via positional cloning,
including Hs pro-1 (nematode resistance), B (annual habitat), and X (the restorer-of-fertility gene for cytoplasmic male sterility) (3) (4) (5) . As exemplified by these reports, obtaining the nucleotide sequence that corresponds to a gene locus of interest has now become a practical objective for sugar beet researchers due to recent advances in molecular biological techniques. Moreover, the pace of sugar beet genetics is expected to accelerate with the release of the (nearly) complete nucleotide sequence of the sugar beet genome (6) . This advance will allow gene sequences involved in processes that are currently difficult to tackle at the molecular genetics level: for example, genes associated with yield or root quality will be identified by combining quantitative trait locus analysis and fine-scale chromosome-segment-substitution-line analysis. are several reported instances of generating transgenic plants (7) . Transgenic sugar beets have been produced through Agrobacterium-mediated transformation, microprojectile-mediated DNA delivery, and DNA uptake by protoplasts using polyethylene glycol or electroporation (reviewed in [8] ). However, sugar beet researchers have observed that a transgenic method developed in one laboratory does not always become routine in another laboratory, and sometimes the method is not reproducible in another laboratory. The reasons for these problems include: the method is genotype dependent; the method requires an extremely large number of explants; and details of the protocol are not publically available (7, 8) . Therefore, creating transgenic sugar beets is a significant obstacle for the genetic analysis of this crop.
In this chapter, we describe in detail our latest protocol for producing transgenic sugar beets, in which the number of explants required is manageable; one transgenic plant is obtained from c.a. 10 explants. However, we note that our method is also genotype dependent, which is consistent with the general observation that most sugar beets are recalcitrant against dedifferentiation and regeneration in tissue culture (7, 9) . In fact, sugar beet lines showing efficient dedifferentiation and regeneration in response to tissue culture are limited (7, 10) .
This observation suggests that the frequency of genotypes suitable for transgenic experiments is quite low in sugar beet populations, making such germplasm invaluable. In this context, our
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The framework of our method was originally developed by one of us in 1999 (H.
Tamagake, unpublished data). Since then, we have continuously improved the protocol that starts with obtaining aseptic shoots from which leaves are excised as primary explants. Callus is induced from the leaf explants and is subsequently infected with A. tumefaciens. Plantlets are regenerated from transgenic callus. We have observed very few genetic chimeras consisting of cell types both having and lacking transgenes in our transgenic sugar beets since our protocol first worked. Transmission of transgenes to the next generation via sexual reproduction has been confirmed (5).
Materials

Agrobacterium tumefaciens strain and binary vector
We used A. tumefaciens strain LBA4404 (see [11] for selectable marker information) and pMDC123 as the binary vector, which is equipped for the Gateway cloning system (12) (see Note 1). The backbone of the binary vector is derived from one of the pCambia series (http://www.cambia.org/) (12) , and A. tumefaciens transformed with pMDC123 is kanamycin resistant. pMDC123 has the Basta r (bialaphos resistance) selectable marker in its T-DNA Page 6 of 25 region.
Plant materials
Sugar beet line NK-219mm-CMS was used (see Notes 2 and 3). This line was developed at HARC/NARO (13) as a cytoplasmic male-sterile (CMS) line whose male sterility is conferred by a mitochondrial type designated as Owen, after a sugar beet geneticist who first described sugar beet CMS (14). 
2.3
Other materials
Page 10 of 25 1. Sterile plastic petri dishes: we use 90 x 15 mm and 90 x 20 mm, for Agrobacterium and sugar beet, respectively.
2. Vacuum oven: LHV-112 type (Espec, Osaka, Japan) (see Note 6).
3. Parafilm (4-inch). 10. Sterile plastic 10 mL pipettes.
New
Page 11 of 25 11. Glass Pasteur pipettes whose t komagome pipette, code K-PIPET-LT2; Asahi Techno Glass, Tokyo, Japan; Fig. 1C ). Hokkaido, Japan) (see Note 9). Sterilize by autoclaving. 
Methods
Growing aseptic seedlings
Propagating seedlings in vitro (see Note 11)
1. For each aseptic seedling, excise the apical meristem with its surrounding tissue. Place the small explants on fresh Propagation Medium (40 mL/glass tissue culture bottle).
Grow the explants at 25˚C under a 16hr light-8hr dark photoperiod. Multiple shoots should appear within two weeks (see Note 12). 
Figure legends
